Introduction
It has been shown that the Escherichia coli bacteriophage, 2dfus-3, carries the genes for c~, EF-Tu, EF-G and several ribosomal proteins (Jaskanus etal., 1975 (Jaskanus etal., a, 1975 . The 2driffl 8 bacteriophage was shown to have the/~ and/~ genes (Kirschbaum and Scaife, 1974) , genes for 5S, 16S and 23S rRNA, genes for * On leave from: Department of Molecular Biology, University of Aarhus, Denmark 1 Abbreviations: ~, RNA polymerase subunit e ;/~, RNA polymerase subunit/~;/~', RNA polymerase subunit/~'; EF-Tu, elongation factor Tu; EF-G, elongation factor G; L7/L12, ribosomal proteins L7/L12; UVL, ultraviolet light several ribosomal proteins (Watson et al., 1975 ; Lindahl et al., 1975) , a second EF-Tu gene (Jaskunas et al., 1975 b) , and the relC gene which is most likely the structural gene for ribosomal protein L11 (Parker et al., 1976) . Several questions concerning the two EF-Tu genes come to mind, among them whether the two EF-Tu genes are regulated in the same way and whether their gene products are identical. In this communication, we present evidence which bears on the relative expression of these two genes with respect to each other and to other host genes on these phages. For this purpose we have analyzed the proteins synthesized in UVL-irradiated bacteria following infection with these bacteriophages using a two-dimensional gel electrophoresis technique (O'Farrell, 1975) .
Materials and Methods
Bacteriophage 2.cI857S7drife18 (Kirschbaum and Konrad, 1973) was obtained from J. Kirschbaum. Bacteriophage 2cI857S7dfils-3 (Jaskunas et al., 1975a , 1975b was obtained from M. Nomura. Purified proteins used as markers for identification of the proteins on the two-dimensional gels were obtained from J. Gordon, F. Engbaek, B. Glick and L. Lindahl. Infection of the UVL-irradiated cells (strain JF298, uvrB Aatt)O was performed as described previously (Watson et al., 1975) except that the radioactive labelling was with a mixture of 14 [14C] labelled amino acids (57 mCi/ mAtom carbon, 3 ~tCi/ml medium) (Amersham) or 15 [3HI labelled amino acids (average specific activity 24 Ci/mmole, 40gCi/ml medium ) (Amersham). The bacterium used for the labelling of exponentially growing cells was E. coli B/r strain NC3, which was grown and labelled as described (Blumenthal et al., 1976) . Following radioactive labelling, the cells were collected by centrifugation, washed with one volume of 10 mM Tris, 5 mM MgC12, pH 7.4 and then resuspended in 0.08 ml of the same buffer. The cells were lysed by sonication and then treated with 4lag of RNase A and DNase I for 15 minutes at 0 ° C. Following this 80 mg urea and 0.2 ml lysis buffer (O'Farrell, 1975) was added. The electrophoresis was carried out essentially as described by O'Farrell (1975) using 10% or 7.5% acrylamide in the second dimension. The gels were stained overnight in 50 % ethanol, 7.5 % acetic acid, 1% trichloroacetic acid and 50 rag/1 of Coomassie brilliant blue. The follow-ing morning the gels were soaked for 1 h in 7.5% acetic acid, 1% trichloroacetic acid, and 50 rag/1 Coomassie brilliant blue, and then destained in 7.5% acetic acid. The gels were then dried under vacuum on filter paper and autoradiograms were made. Spots were cut out with a sharpened syringe needle and digested with 0.075 ml H202 for 2 h at 70 ° C. Since the H202 was found to reduce counting efficiency it was removed with 0.1 ml catalase, 0.25 mg/ml in 25 mM Tris pH 7.8. After incubation for 15 minutes at room temperature, 0.6 ml NCS (Amersham-Searle) and 5 ml of a standard toluene based scintillation mixture was added. Figure 1A which are designated as E. eoli-specific because they do not appear on the 2 helper gel ( Fig. 1 C) are circled with a solid line. The E. coli proteins which are known are indicated (Tu, G, e, fi, L7/LI2). The four 2 proteins which are common to both 2dfus-3 and 2driffl8 and which were used for normalization (Table 1) /3 and /~ was on the basis of the reported acidity of these subunits (Fujiki and Zurek, 1975) ; a protein with the isoelectric point of/~' (8.6) would run out of the gel in the ampholyte mixture used in our experiments and thus the indicated spot must be/L Ribosomal proteins L7/L12 are identified as the most acidic of the 50S ribosomal proteins (Kaltschmidt and Wittmann, 1970) . It is clear from our data (Figs. 1 A, B) that there is an EF-Tu gene on each of the two transducing bacteriophages, in confirmation of the findings of Jaskunas et al. (1975b) . The four spots outlined with a dashed circle on the gels shown in Figures 1 A and 1 B are 2 gene products common to both transducing phages (albeit unidentified). (Note that contamination of transducing phages with helper must be very small because the major 2 protein seen in Figure 1 C is not present in Figures 1 A and 1 B. ) We have used these four )~ spots as a means of normalization in calculating the relative translation activities of the tufa and tufB genes, as well as other genes carried on 2dfus-3 and 2driffl8. The underlying assumption in this calculation is that these )v-specific spots are under ~ promoter control and that the E. coli genes are under their own promoter control. In this experiment (Table 1 [14C] ratio in the four common ,~ spots and the relative molar amount of the different protein species was determined by dividing the normalized radioactivity in any given spot by the molecular weight of that protein. The amount of EF-G was arbitrarily set at one. It can be seen ( Table 1 ) that according to these data tufA is expressed 3.2 times more than tufB; tufA is expressed 3.5 as much as fus, the gene for EF-G and tufB is expressed 1.1 as much as fus. Table 1 also shows data pertaining to the relative amount of translation of rplL, the gene for r protein L7/L12 (2.5 relative tofus), rpoA, the gene for RNA polymerase subunit c~ (1.0 relative to Ji~s) and rpoB, the gene for RNA polymerase subunit/~ (0.14 relative to fus).
Results

Autoradiograms
These data are in remarkably close agreement with the relative translation of these genes as determined from experiments using exponentially growing cells (Table 1 , columns 6 and 7). The dearth of/~ in the 2drtfq8 extract compared to the exponential culture might be due to the instability of fi overproduced with respect to ~ (Kirschbaum and Scaife, 1974) .
It can be seen in Figures 1 A and 1 B that two spots (marked with an x) with molecular weights of 41,000 and almost identical isoelectric points are coded for by both phages. However in a double-label experiment in which [3H] labelled 2dfus-3 and [1~C] labelled )~drifd18 extracts were mixed and co-electrophoresed, the [3H]/[14C] ratio within the spot(s) varied considerably. Thus we believe that these spots are not identical proteins coded on the two bacteriophages. Several other E. coli specific proteins can be seen on either of the two bacteriophages. In the case of 2dr~ 18 in particular (Fig. 1 A) several high-molecular weight proteins are observed. These are found in exponentially growing cells as much less than one copy per ribosome and are regulated differently from ribosomal proteins (S. Pedersen and S. Reeh, unpublished observations). If one sums the molecular weights of the E. coli-specific proteins and 2-specific proteins on 2dr/fq8 (939,700 and 503,000, respectively) and adds the DNA molecular weight corresponding to the rRNA genes (Jaskunas et al., 1975a) one can account for a DNA molecular weight of 28 x 106. Thus almost 90% of all the coding capacity of 2dr/y 18 has been accounted for. The temperature-sensitive mutations covered by the 2dr~18 phage (Watson et al., 1975; Kirschbaum et al., 1975 ) might well be due to mutations in the unidentified E. coli proteins detected on the gels (solid circles, Fig. 1A) .
We have attempted to shed some light on whether the gene product from the two EF-Tu genes (tufA and tufB, Jaskunas et al., 1975 a, b) are identical. Firstly, observations of the EF-Tu extracted from whole cell lysates of an exponentially growing culture showed a distinct double spot in the electropherogram (Fig. 1D ). 'Farrell, 1975) .
Discussion
The close agreement in the relative translation amounts of the E. coli genes fus, tufA, tufB and rpoA when present on 2dr~18 and 2dfus-3 as compared to in the exponential cell (Table 1 ) encourages us to assume that these genes on the transducing phages are under their normal promoter control. The remainder of this discussion is based on this assumption. Characterization of polar effects of insertions or deletions in the str-fus region have revealed that fus and tufa are under the control of a common promoter and that fus is promoter-proximal compared to tufA (Jaskunas et al., 1975b) . Our observation that the molar amounts of EF-Tu is 3.5-fold greater than EF-G thus leads to the suggestion that some type of translational control acts in this operon, since it is difficult to imagine a polar transcriptional control to suit this situation. A situation in which different genes on one RNA are expressed in different degrees is not without precedent, as for example in bacteriophage Q/~ where the coat protein is expressed in excess over the replicase and indeed exerts a control over replicase translation (Weber and Konigsberg, 1975) .
No analogous mechanism has yet been demonstrated in E. coli, although the reverse has (Zabin and Fowler, 1970) . In any case it is clear that the tufA and tufB genes are regulated in different ways since the former is three times more active than the latter. Whether the two genes are coordinately controlled is not yet known.
The tufa and the tufB gene products were found to be identical by this gel electrophoresis technique, but this does not rule out differences involving less than one charge in isoelectric point or 300 Daltons molecular weight. Two-dimensional fingerprinting of tufa and tufB gene products from normal cells, as well as from a mutant in which the tufB gene product is altered, are currently underway in an attempt to determine differences in the two gene products.
In exponentially growing cells the ~ subunit of RNA polymerase is made in 2.5 molar excess compared to the/~ subunit (Table 1 ). An excess of e has also been observed by F. Engbaek (personal communication). Our ratio of e to /~ is more close to that required to maintain the e2/~/~' structure of RNA polymerase (Burgess, 1969) . The amount of L7/L 12 relative to the number of ribosomes both in 2drif d 18-infected cells and exponential cells is in agreement with the values found by Weber (1972) and Subramanian (1975) , if one assumes one copy of EF-G per ribosome (Gordon, 1970) .
